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COLLATERAL RESPIRATION IN THE NORMAL AND
DISEASED LUNG*
GUSTAF E. LINDSKOG
Until 1930 the pulmonary lobule was generally considered to be
anatomically and functionally an end structure, to which the only access
of air lay in the direct bronchial route. All available anatomical data from
such pioneer workers as Joseph Marshall Flint, Macklin, and William
Snow Miller argued against the possibility of air passing collaterally from
one pulmonary lobule to an adjacent one through indirect channels in the
periphery, when the direct bronchial route for the ingress of air had
become obstructed.
In 1929, Van Allen, Lindskog, and Richter9 were led to investigate this
problem because of certain observable discrepancies in the results of
bronchial obstruction. Specifically, it was noted that obstruction of a
bronchus beyond the second order, whether produced by natural disease
or artificially, did not invariably result in atelectasis. The results of their
experiments led to the then novel conclusion that the pulmonary lobules or
segmental areas in man, dog, cat, and certain other lower animals were not
functionally end organs from the standpoint of ventilation (external respira-
tion). Furthermore, they demonstrated that after the direct bronchial route
was obstructed artificially, an indirect and peripheral route for exchange
of air and maintenance of inflation from adjacent directly ventilated
segments did exist. To this phenomenon was given the name collateral
respiration.
The conclusions of these authors were based on both in vitro experiments
with excised lung specimens, and in vivo observations of the normal lung
by means of appropriate cannulation. The demonstrations employing ex-
cised human autopsy and animal lung specimens were simple, direct, and
conclusive. An excised lobe was prepared by careful dissection at the hilus
with simultaneous cannulation of a proximal branch bronchus and the main
lobar stem. The lobe to be studied was then placed in a negative pressure
chamber or respirator and maintained at a controlled inflation of around
-10 centimeters H20. The two cannulae were led outside the respirator
through airtight vents. A gentle stream of air regulated at very low pres-
sures was then directed into one cannula (either in the side bronchus or
the main stem), and the other cannula end was set under a water seal.
Beginning at a low pressure level, usually one to two centimeters of water,
a stream of gas bubbles was seen to issue from the second cannula through
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the water seal. This phenomenon was subsequently more dramatically
demonstrated by insufflating cigarette smoke gently into one segmental
cannula, and seeing it issue promptly from the other. In no experiment
using these very light pressures was there evidence of artefacts such as
interstitial emphysema, subpleural bleb formation, or rupture of the
pulmonary parenchyma.
To study the intact lung in the living animal, the technique was somewhat
more complicated. A special method of cannulation was developed. After
general anesthesia of the animal had been induced, a tracheotomy was
performed, and a large glass tracheal cannula introduced. Thereafter a
specially designed and prepared dilatable bronchial cannula8 was introduced
into a lower lobe (right or left) after the level for its introduction had been
determined by direct bronchoscopic measurement. The cannula was dilated
by a screw mechanism to fix its distal extremity tightly in position, and
the proximal cannula opening was connected with a simple waterseal valve,
either inspiratory or expiratory in type. When this cannula was fixed at
such a level as to obstruct an entire lobe or group of lobes, no passage of air
was observed through the cannula and water valve after the first two or
three expirations had expelled the tidal and possibly some reserve air.
In contrast, when the cannula was set in the intralobar position for the
same animal so that at least one proximal segmental or branch bronchus
remained unobstructed, each expiration resulted in the passage of several
bubbles of air from the occluded lung through the cannula and out the water
valve for as long as one cared to pursue the experiment. If the water valve
was reversed to permit only inspiration and not expiration, the same
passage of air occurred as long as the cannula was intralobar in position,
but when an entire lobe was obstructed, the process of air intake was
rapidly terminated with the production of obstructive emphysema and a
sharp rise in lobar intrabronchial pressures and with eventual embarrass-
ment to the animal due to mediastinal shift.
Having established the existence of collateral respiration, more detailed
experiments on the mechanism, on the aerodynamics, on the chemical nature
of the transpired gases, and on factors which promoted or depressed the
activity of the mechanism were carried out. Some of these are still the
subject of investigation.
It was soon apparent that collateral respiration (or ventilation) was not
dependent on the integrity of the circulation, because it occurred in the
excised lung and also in the living lung after the pulmonary artery had been
ligated. Particulate matter, such as a suspension of carbon black, could not
be forced from one segment to its neighbor by any physiological degree of
pressure, whereas aqueous solutions of dye were easily passed. This sug-
gested that the route for collateral exchange lay in anatomical defects of
the alveolar walls, such as might be found in the so-called pores of Kohn.
By attaching small water manometers, one to the bronchial cannula
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system and one to a free-lying endobronchial cannula placed proximal to
the dilating cannula, pressure relationships were recorded as they resulted
from or were responsible for the collateral respiratory phenomenon.' With
the dilated bronchial cannula in the intralobar position (collateral respira-
tion in operation) the distal pressure during inspiration was always slightly
negative (as compared with the proximal pressure in the non-obstructed
bronchus) and during expiration slightly positive. This difference was
rarely more than 1.0 centimeter with quiet breathing, and it neither
increased nor decreased with the passage of time as long as uniform depth
of respiration was maintained. This gradient of 1.0 to 1.5 centimeters
(water) thus represented the pressure necessary to actuate the peripheral
collateral pathway in vivo. It was quite similar in magnitude to that
originally observed in the in vitro experiments. Actually the mechanism
must be even more sensitive than indicated by these figures since the
cannula, rubber tubing, and water valve all introduced an element of
resistance and inertia.
The attachment of a miniature and delicately balanced Krogh spirometer
to the expiratory type water valve made it possible to collect samples of the
collaterally transpired gases in order to determine their minute volumes
and their chemical composition, and to compare the latter with simultaneous
venous and arterial blood gas samples.
Turning first to the matter of minute volumes and the relative efficiency
of the collateral pathways as compared with the direct bronchial route, a
number of observations on four different dogs were made.' The total
(tracheal) respiration of the animal was measured by using a closed record-
ing spirometer system attached to the tracheal cannula. Simultaneously
collecting and measuring the collaterally respired gas from an obstructed
segment, it was found that the ratio was in the order of a hundred to one.
Since the relative volumes of freely ventilated to collaterally ventilated lobar
segments were estimated to be roughly ten to one, this gave a relative
efficiency of 10 per cent for the indirect (collateral) route. Recent work on
this point using rabbits8 has given much higher values, ranging around 35
to 40 per cent.
Very interesting data developed when the oxygen and carbon dioxide
tensions of the collaterally respired gas were determined. Carbon dioxide
tensions varied from 34 to 48 mm., and oxygen from 75 to 98 mm. in four
subjects. There was reasonable correlation with the CO2 and oxygen
tension of the blood samples taken simultaneously from the femoral artery.
In contrast with these findings, when the bronchial cannula was situated
so as to obstruct an entire lobe (thus without possibility of collateral
respiration) the gas in the obstructed lobe rapidly lost oxygen and gained
carbon dioxide until levels nearly in equilibrium with mixed venous (right
heart) blood were obtained-44 to 56 mm. carbon dioxide and 40 to 48 mm.
oxygen. The dissociation curve of oxyhemoglobin is such that blood flowing
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back to the left heart from a totally obstructed lobe would be only 70 to
75 per cent saturated; whereas blood returning from an area of lobular
obstruction, with collateral respiration in action, would be 90 to 95 per cent
saturated with oxygen. These data emphasize the considerable conservative
function exercised by collateral respiration in preventing significant arterial
oxygen desaturation in clinical disease associated with multiple bronchiolar
obstructions (as with mucoid secretions). An explanation is afforded why
patients with diffuse exudative lesions in the pulmonary parenchyma may
sometimes present little or no arterial oxygen desaturation and therefore
no cyanosis.
After the close relationship of collaterally respired gas to true alveolar air
had been established, the factors which will decrease or abolish the collateral
passage of air to and from an obstructed lobule or segment were studied.
The peripheral nature of the mechanism suggested that pulmonary deflation
alone would act in this direction, and such proved to be the case. Deflation
of an excised and cannulated lung specimen increased the minimum pres-
sures necessary to initiate collateral respiration from 1.0 cm. H20 (fully
inflated) to 10 cm. or more (partly deflated). Artificial pneumothorax
induced on the side of the cannula placement in the living animal reduced
or even abolished collateral respiration, as did the initiation of a phrenic
paralysis.
Recently the action of histamine as a blocking agent for this mechanism
has been demonstrated.! The intravenous injection of 0.1 to 2.0 milligrams
of histamine diphosphate in dogs weighing 12 to 15 kilograms abruptly
(within a second or two) terminates the most active collateral breathing.
A recovery period of one to thirty minutes then gradually ensues. If the
animalisprotected by an antihistaminic agent (Benadryl or Pyribenzamine)
prior to the injection of histamine, the depressive effect is prevented, and
there may even be a slight augmentation of collateral air passage. Several
clinical correlations of this observation suggest themselves. It is possible
that postoperative pulmonary hypoventilation, with its attendant hyper-
secretion, and subsequent atelectasis, may be related to a release of
histamine-like substances from areas of surgical trauma. Furthermore, the
occasional alarming or even fatal bronchospastic respiratory accidents
attributable to curare "anesthesia" may be due to this mechanism in associa-
tion with the marked muscular depression; for it is now established that
curare releases histamine locally at its site of action.'
Having demonstrated the efficacy of collateral respiration in preventinig
lobular atelectasis, an attempt was made to determine its role in the reinfla-
tion of atelectasis after removal of the causative obstruction. In previous
experiments' it had been determined that threshold pressures of 12 to 14
centimeters of water were required to initiate re-expansion in acutely
atelectatic lung from several species (cat, dog, or human fetus) ; the process
of re-expansion was complete at 16 to 18 cm. H20. In order to compare
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the direct with the indirect or collateral route of reinflation, animals were
prepared in which both lower lobes had been rendered completely airless
by bronchial irrigation with oxygen followed by ligation of the lobar
bronchi. After an hour the two acutely atelectatic lower lobes were excised.
The right lower lobe was then cannulated directly through the lobar
bronchus, but the left only through the apical side bronchus, the main
basilar bronchus being completely ligated. The two lobes thus prepared
were then placed in the same respirator chamber and controlled reinflation
begun. Aeration was observed to begin in one lobule of the right lower
lobe, and in the cannulated apical segment of the left lower lobe at -12 cm.
water. Re-expansion was complete in the right lobe at -16 and in the
left at -18 cm. water.
This experiment explains why endotracheal aspiration with a catheter or
bronchoscopic suction instrument in cases of postoperative atelectasis can
be so effective a therapeutic measure. It seems quite unlikely that these
procedures clear out all secretions in the smaller peripheral bronchi. They
do, however, frequently open up the larger proximal and segmental
branches. This permits collateral ventilation to operate, delivering air to
still obstructed segments. By building up tidal and reserve air beyond the
obstruction the cough mechanism may again become effective.
Within the past two years the existence of collateral respiration in the
living human has been verified by appropriate cannulation.' The evidence
seems now complete in both human and lower animals for a peripheral
pulmonary mechanism which provides an alternate and indirect route for
air transport when the direct bronchial channels of a lobular or segmental
group are obstructed. It is probable, although not proved, that the collateral
route is transalveolar through natural stomata in contiguous alveolar walls.
Thoracic surgeons appreciate that in carrying out segmental resections in
human cases this mechanism may at times produce a technical tribulation
by masking intersegmental dissection planes during controlled inflation by
the anesthetist.
In summary, the mechanism of collateral respiration is a conservative
one, quite comparable to the well-accepted phenomenon of collateral circu-
lation. Collateral respiration lessens the incidence of obstructive atelectasis.
It equalizes pressure changes in the lung and tends to equalize alveolar gas
tensions of oxygen and carbon dioxide, thus promoting a more uniform
oxygenation of the venous blood. Collateral respiration furthermore pro-
vides air for effective cough in areas of established lobular obstruction. It
is a delicate mechanism actuated by low pressure differentials (in the mag-
nitude of one centimeter water, more or less) and is therefore easily
disturbed by hypoventilation, pulmonary deflation, edema, inflammation,
and bronchospastic agents, such as histamine. Its existence and ultimate
conservative value are not prejudiced or disproved by the frequently
observed clinical occurrence of atelectasis any more than the concept of
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collateral circulation is vitiated by the occurrence of gangrene in an
extremity after vascular injury.
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